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1.0 SUMMARY

The Boeing Company has sutmitted for Phase II-A evaluation an
airplane design, which, in its intercontinental and domestic versions,
vwill provide economical supersonic transports meeting the diverse re-
gquirements of various operators and also meeting the design objectives
of the FAA. The two mcdels of the airplane are identical in all respects
except for operational empty weight and maximum gross weight.

Both the domestic and intercontinental versions meet or are
lower than all noise objectives established by the FAA. Notable progress
has been made during Phase II-A tcward developing a supersonic transport
that has both interior and exterior noise levels lower than present sub-
sonic airplanes. Significant configuration changes from the Phase I pro-
posal that have contributed to improvement are:

® Development of engine inlet and nozzle noise suprression techaiques
with no performance penalty

® Relocation of engines aft on the wing to reduce engine noise heard
in the cabin

These changes, coupled with test-proven structural design con-
cepts, wili ensure a 50,000-hour fatigue life for the airplane with
minimum weight pensalty.

This document presents the substantiating data for soaic boom,
engine noise, interior noise, and sonic fatigue effect on structures.

1.1 SONIC BOOM

For domestic operation, where sonic bocm will be of significant
importance, the Model 733-291 is designed to provide a range of 2900
statute miles (2600 nautical miles) with a payload of 43,000 pounds with~
out exzeading the sonic boom objectives of 2 psf maximum in clinc and
1.5 psf in cruize and descent.

The Model T733-290 is designea for intercontinental operation,
vwhere transition and cruise will occur over water or uninbabited land
areas on routes requiring maximum range-paylosd performance., This air-
plane achieves a range of 4010 statute miles (3485 nautical miles) with
a payload of 43,000 pounds when limited to sonic boom overpressure o°
2.3 psf in climb and 1.7 psf in cruise and descent.

Both models possess considerable operational flexibility vith
respect vo the sonic boam created in flight as sumarized in Teble 1-A.

The nonic boom characteristics have been calculated in the man-
ner prescriicid by the FAA and NASA. All of the airplane components and
increment:1l lift forces have been coneidered, ircluding the wing camber
lift, angie of attack 1ift, tail 1ift, and nacelle induced 1ift. The
configuration has been optimized to obtsin the best sonic boam character-
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TABLE 1-A EFFECT OF SONIC BOOM ON AIRPLANE PERFORMANCE

Jax*sﬁ

T thrust.

T33-290 T33-291
INTERCONTINENTAL DOMESTIC
RAMP G. WT. 500,000 LB 425,000 LB
. PAYLOAD 43,000 LB 43,000 LB
"Z‘;‘B 2.0 2.3 2.5%: 1.6 2.0 2.3
NAX
CRUISE
AP 1.6 1.€7| 1.68 1.6 1.49 1.50
MAX
RANGE
N. MI. 32ko 3485 | 3525 2uks 2600 2665
ST.MI. 3730 4010 | 4060 2810 2990 3065

istics at all Mach numbers, comensurate with minimum drag and structural
weight considerations. As detailed in Section 2.0, the sonic boom param-
eter for this airplane in cruise is only 19 percent greater than the
theoretical lower bound.

.42, 7 ENGINE NOTSE. .
- *Bwe-node'l‘m-.?% Provides’ a marked-reducticn “in community nolse ~= -

phases of orperation,_as *éd” to -pregent long range Jets.

Fig. 1-1 illustrates a takeoff at maximum gFUss vweight with Haximum dry
_The airport noise is 116 PNib. at-1500 feet. to theé™¥T@e of the . °-
runvay. The Coifmmity notge 15 205.5 Pndl at-the 3-mile point, with
thrust set for 500 feet per minute rate of climb. The corresponding
community noise for the domestic 733-291 is 96.8 FNcb. Trades between
airport and community noise are possidle by using varying takeoff

thrust settings. For example, with maximum augmented thrust, the air-
port noise if 117.7 PNdb with commnity levels of 153:.8 PNdb and 95 PNdb,
respactively for the T33-290 and T33-291.

The greatest improvements have been achieved in landing approach
noise. At maximum design landing weight, a conventional approach on a
3 degree glideslope results in 112 PNdb for the 733-290 at 1 miie from
the runway. A noise abatement approach procedure using automatic tarot:le
control. has been studied. This procedure offers a potential reduction to
105 PNdr at the l-mile point.
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Sound suppression hes been achieved th.ough the use of a choked
inlet to suppress coupressor noise and a "star shaped" primary threat to
suppress Jet noise. Tests that provided verification for the noise anal-
yses are described in Section 3.0.

1.3 INTERNAL NOISE

Internal sound levels in the Boeing supersonic transport are
less than those in current subsonic airplanes. A thorough ro’ow of
available boundary layer noise data has been made during Phase II-A.
The most reliable bouudary layer data have been used in conjunction with
a detailed analysis of the tranamission characteristics of the body
structure and insulation to develop the noise estimates shown in Table
1-B. As the data indicate, both the overall sound levels and the speech
interference levels are less than in the 70T airplane. The proposed
supplementary standard. NCA-65, {s shcwn in the table for comparison.

TABLE 1-B WINDOW SEAT SOUND LEVEL COMPARISONS

T/ KEOFF CRUISE
FWD CABIN { AFT CABIN FWPCABIN AFT CABIN
QA* SIL¥* | QA SIL 0A SIL OA SIL
733-290 96 60 (108 T4 | 8 63.5(8 63
707 9% 63 [113 84 | 87 68 }93.565.5
NCA-65 95.5 65 |[95.5 65
NCA-65 + 10 105.5 75 105.5 75
* Overall sound pressure level *#* Speech interference level
1.4 SONIC FATIGUE PARAMETERS

The scnic erviromment on the Boeing supersonic transpcrt hes
been verified by test. The change in engine location and the noise re-
duction due to the jet nozzle design have reduced the sound pressure
level on the structure to 163 db with augmented thrust. Furthermore, a
significant reduction in the area of structure subjected to noise levels
greater than 150 db has bzen achieved.

Test resulte have shown that cher-milled skins on primary struc-
ture and titanium-faced fibderglass hovneycomdb on secondary structure
possess outstanding ronic fatigue characteristics. This improved.struc-
ture, together with the reduced sonic enviromment, requires only 100
pounds of reinforcement be added to the strength-designed structure in
order to achieve a 50,000-hour life.
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2.0 SONIC BOOM

The calculation of the sonic bocm characteristics for the
models T733-290 and 733-291 is presented in this section. The external
geometry of these two models is identical; therefore, the sonic bcom
characteristics are the same for each. The sonic boom overpressures
produced on the ground under the flight track have been computed and are
shown in Figs.2-1 and 2-2. Sonic boom data related te the performance
of both airplen€s are shown in Velume V-A,

/S =Em &3

f—

The theoretical method used in estimating the sonic boom char-
acteristics of these airplanes is .onsistent with that outlined in the :
' 1 — .FAA Procedures, Ref. 2-1._ Specifically, the airplane area distributions

were obtained by the use of supersonic area-rule cutting planes and
include all of the ccmponeris. The lift "eguivalent area distributions"
. inciuvde the contributicn of wing camber, angle of attack, nacelle induced ’
* ! 1ift, and tail 1ift for trim.

In addition to the basic sonic boom data, discussion of the
[: effect of nonstandard atmosphere, the effect of elastic deformationms,

and an evaluation of slight variations in calculation procedures are
presented. Basic data for use in the NASA computer programs are tabu-
lated in Par. 2.5.

[ Sa—— )

2.1 SONIC BOOM CHARACTERISTICS
The sonic boom characteristics of the 733-290 airplane, as com-

puted by the method descritzd in subsequent paragraphs, are shown in
Fig. 2-3.

R AT,

The data in Fig. 2-3 have been referred to the 1lift coefficient
of the wing. The sonic boom characteristics of the configuraticn may be
found by entering the chart with the wing lift coefficient
(ching = Cp - thail)' The lift coefficient of the tail (thail) may be

obtained frar the data presented in Section 4.0 Volume V-A, Book On:.,
Aerodynamics. The sonic boan characteristics tabulated as requested by
NASA appear in Par. 2.5.
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2.2 THECRETICAL BASIS FOR SONIC BOOM ARALYSIS

The sonic boom overpressure produced by an airplare is influ-
enced priwsrily by the configuration geometry and 1ift distribuvion.
The contribution of eech compeonent of the configuration, including 1lift,
i% detevmined % computing its F(y) functicn. This function was devel-
oped by G. B, Whitham and is defined in o paper published in 1952 (Ref.
2-2). The F(y} function is the key to the computation of sonic toom
overpressures., It 1s defined by Eg. 2-1.

oo B~ -

——

8(x)

RS

“"eguivalent body" area distribution

® 1/2 .
. ool e e

0 ;
gﬂ where:
%bii ) B =V -1

&3

-
i 1Li—§]= h(z), end is a function plotted in Ref. 2-2.

-
"t Ay '
oy o

I BLIS
b M = Mazh muber
i ds
i g 2 —
{} 8'{x) = &
The procedure used by The Boeing Compeny separates the conliguration
intc its basic components and the 1ift of each: wing, fuselage, nacelles,
horizontal tail, and vertical tail. An "equivalent body of revoluticn”
iz genersted for esch #nd the F(y) function is obtained. Finally, the
B F{y) functions are corbined to obtain the sonic boom characteristics for
the compiete airpiane.

s eremnrand

Bach compcnent of the airplane is transferred frem its own axis,
X', along the appropriate Mach cutiing planes to the axis of the config-
uration, ¥, where the "equivalest body" is generated (Fig. 2-4). The
choice of Machk cutting planes is determined by the Mach numter and
angular location, ¢, of interest, Under the airplane, this angle is -90
degrees; to the side, i1 is zero degrees.

[ amata]
.

The "equivelent todies” are obtained by defining each component
of the configuration for use in & digitel computer progrsm {Ref. 2-3)
which is also used to calculste the airplane wave drag. The 1ift inducea
by the nacelles iz obtsined by superimpesing the nacelle flow field,
calculated by the method of Hef. 2-2, on the wing pianform. The result-
ing oed distrilution is integrated to determine the "eguivalent body"
for the nacelle 1ift. The contributions of the wing 1ift due to hoth
camber and angle of attack are obtained by the use of ancther digital
computer program (Ref. 2-4). The resulting "egquivalent todies" are trans-
ferred along the avpropriate Mzch plane cuts to the configuration axis.

CE~3680-7

- S v B sy B - Y S =

e e e

'\l Yo NRRER T



et 3 e 3 g I RS [ IS AU NS GRS N SRS RS NN o R Atungt NN sumues B aundon BERNNS avcorgs SRR coounis |
]
! SINYId ONILLLND HOYW  #-Z *91d
m
!
|
)
~
]
. 4
:
-
a
. |
' Vasy 1, NOlLng (x5 m
. Adog 23&_«%% 2 w
w w
« ]
4 ‘ 1
.,;, M
. o
o o
-tiid o - ” — . i

e o

o EMrm B
A « .
AN L AT 1 >

%

R Ly SR
Wmm.w..m\wwmﬁ&vx(xﬁ.an..; <




w5

O3 € o EE e e O G B 3 ) | e B e

=3 sy =T

—

The expression for F(y) (Eq. 2-1) is readily am@nable to digital
computer analysis. The "equivalent body" of euch componient is converted
tc the individual F(y) function by the metnod of Ref. 2-'. The sonic
boom for the complete configuration is determined by sumring the indivi-
dual F(y) functions and integra“ing the results according to Eq. 2-2.

Yy
o]
I(y,) - / F(y)ay Eq. 2-2

o
where y, is the value of y for which I{y) is = positive maximum.

The sonic boom overpressure of the front shock on the ground is
termined from Eq. 2-3. ~ 1/2
Hy.)

s s
aP = PK.K (M - 1) (e l;i/z (n/-sing)3/"  Ea. 2-3

where:
P = ambient pressure at airplane altitude, psf

K, = ground reflectivity factor (1.9 in this document)

X, = atmcspheric correction factor (square rocot of the
ratic of ambient pressure at the airplane to that at
the ground)

M = airplane Mach nurber

h = airplane altitude, ft

y = ratio of specific heat, 1.k
¢ = Mach cutting plsne angle

For § = -90 degrees (directly under the flight path) Eq. 2-3
may be rearranged in the form below,

3/4 1/2
g )
aRA

The right hand side of this equaticn is a functior only of the configu~
ration, Mach number, and the 1ift; it is the sonic boom characteristic
of the airplane.

The theory (Ref. 2-2) and method have been well substantiated
by both wind tunnel tests and flight tests. Examples were shown in the
Phase I proposal. Subsequent comparisons with flight test data have
been made during Phase II-A. These are shown in Fig. 2-5 vwhere theoret-
ical pressure wave signatures have been compared with observed signatures
for the F-10A, F-101B, and B-58 airplanes. Thesc comperiscns show
excellent agreement in detail — overpressure, signature shape, and trace
length.
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2.3 ANALYSIS OF THE T33-290 AIFPLANE

The model 733-290 corfiguration is defined in Volume V-A, Book
One, Aerodynamics. The geometric data provided there hLave been used in
determining the sonic t.com characteristics for the airplane, The
"equivalent body" area distribvution and the resulting F(y) function for
each component are shown in Figs. 2-6 through 2-9 for Mach 2.7, 2.2, 1.5
and 1.3, respectively. The "volume" components which contribute to the
strength of the front shock wave are the wing, fuselege, and nacelles
including boundary layer diverters. The area distributicn and F(y)
function of each of these are shown on the left hand side of each figure.
The "1ift" components which contribute to the strength of the front
shock wave are the wing camber and angle of attack lift, and the nacelle
induced 1ift. The "equivalent" ares distritution end F(y! function of
each of these are shown on the right hand side of each figure. The 1ift
coefficient of each component is nocted.

The F(y) sumations are shown in Fig. 2-10 for Mach 2.7, and in
Fig. 2-11 for Mach 2.2, 1.5, and 1.3. The combination of the volume
components and the combination of the volume-and-1ift components are
indicated in the plots. Only the comporents having their origin ahead
of the point yo will contribute to the strength of the front shock wave
(Ref. 2-2). It can be seen from the figures that the volume of the
horizontal tail, vertical tail, and ventral fin as well as the horizontal
tail 1ift do not contribute to the strength of the front shock wave.
Since the tail 1ift does not contribute to the bow shock overpressure,
the sonic toom parameters have been plotted as a function of the wing
1ift only. Care must be exercised to ensure that the 1ift of the wing
alone is used in conjunction with Fig. 2-3 and the data in Par. 2.5.

It is shown in Ref. 2-6 that the effect of variations in atmos-
pheric properties and winds are negligible for flight at the Mach numbers
considered i.. the preceding discussion. At Mach numbers below 1.3 these
variations become significant and a e discussed in the following para-
graphs.

2.h ADDITIONAL CONSIDERATIONS

A discussion of the effects of the atmosphere on the boom for
some very special circumstances, the effect of elastic deforrations; and
an evaluation of slight variations in calculation procedures follow.

2.4.1 Effect of Hot Day on Sonic Boom

Varlations in atmospheric properties can affect the sonic boom
overpressure st the ground. The influence of these variations has been
studied for the arbitrary standard +20°F and +4C°F hot days used to
present performance data. The data in Fig. 2-12 show the temperature
variation and resulting pressure altitude variation with tapeline alti-
tude assumed in each of these model atmospheres. The effect of these
variations from the standard conditions may be estimated from Eq. 2-4
(obtained from Ref. 2-6).
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4Psta [\Felsta Palsta “r [I(yo) J‘/e (n)3/* ‘
st
Eq. 2-h ;

ii
where

AP = overpressure in model atmosphere
AP = overpressure in standa.d atmosphere

Pg = ambient pressure at ground in model atmosphere

(Pg)Sta = ambient pressure at ground in standard atmosphere
Py = ambient pressure at airplane in model atmosphere
(Pa)Std = ambient pressure at : rplane in standard atmosphere

K, = temperature correction factor (Ref. 26) P

[I(y )]1/2 = sonic boam characteristic in model aimosphere

bt
rarpe v 3,

sonic boam characteristics in standard atmosphere

Y
<
o
S
1]
&
S
=
N
0

height of airplane above the ground in model atmosphere

h = height of airplane above the ground in standard atmos- 3
phere

The ambient pressure at the ground has been assumed to be
2116.22 psf in these atmospheric models. The airplane has been assumed
to fly along & profile of fixed tapeline altitude versus Mach number
independent of temperature. The sonic boom characteristics were taken
as those in Fig. 2-3. The effect of the pressure and temperature varia-
tioa is 1llustrated in Fig. 2-13 for various tapeline altitudes. Varia- :
tions in [I(y,)]1/2 occur vecause of-the ambient pressure change at the 2
airplane and because of the variation in fuel consumption. The data in :
Fig. 2-14 illustrate the combination of these effects on the sonic boom
as compared to that in the standard atmosphere for a number of Mech nur-
bers during the initiel pheses of supersonic flight. These data show
that the effect of hot day on the boom is quite small.
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A more general study of atmospheric effects on sonic boow, made
over tne range of conditions encountered in the northern hemisphere, is
given in Ref. 2-6. The results of tiat study. when applied to the SST,
shov variations in overpressure from taat in the standard atmosphere of
+3% at lcw Mach numbers and +1% at Mach number: above 1.5.

2.k.2 Sonic Boom at Mach Numbers Neer 1.0

The sonic boom generated duriug flight at supersonic Mach num-
bers near 1.0 can reach the ground under special circumstances., For
example, flight at Mach 1.02 at 31,000 feet in the standard atmosphere
with a tailwind of 70 knots will result in the boom reaching the ground.
The overpressure at the ground generated under these conditions has been
calculated for the T733-290 to be 1.55 psf.

The shock wave produced at tuese low Mach numbers may be only
one of several to reach & given point on the ground since the airplane
is accelerating. The sketch in Fig., 2-15 iilustrates the history of the
shock front as 1t is developed during the acceleration through Mach 1.,0.
The figure shows that the shock wave generated at the cut-off Mach number
will reach the ground after a shock wave generated at some uigher Mach
number. It can also be seen that the location c. the cut-off ray on the
ground determines the point beyond which only one pressure wave will be
observed. The phenomena of two pressure signatures being recorded at the
same point on tke ground under an accelerating airplane has been observed
during tae tests discussed in Ref., 2-7.

2.4.3 Effect of Elasticity

The wing of the airpiane is designed to have the required camver
and twist at the average supersonic cruise condition. At off-design
Mach numbers, the applied loads being approximately the same, the wing
shape does not differ significantly from its shape at cruise. A check
has been made of the effect on sonic boom due to the incremental varia-
tions in wing shape caused by changes in lcad distribution. The effect
has been investigated for Mach 1.5 ut representative weight and altitude.
The comparison is shown in Fig. 2-16 and indicates that the aerocelastics
effects are small. The assumption used in the sonic boom calculation
herein is that the wing shape does not change with Mach number.

2.k Comparizon of Calculation Procedures

The calculation of the function F(y) for the airplane following
the method outlined in Ref. 2-1 may be considered in a number of ways.
The procedure used in this document has been to calculate this function
individualiy frcm the area distribution of each component of the airplane
and then to sum these functions to caiculate the cshock wave strength.
Another approach ig to superimpose the individual area distributions of
all the components and then to calculate the F(y) function from the com-
bined area distrivution. The first of these methods is equivalent to
superimposing in the farfield the perturbetion velocities calculated for
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every component of the aircraft. In the second method the singularities
that are used in the analysis to define the airplane are superimposed tc
oroduce & combined "equivalent body." Velocity perturbations due to this
"eguivalent. body" are then computed. These two methods have been com-
pared. The Mach 1,0 area distribution of the configuretion was used and
is shown in Fig. 2-17. The resulting F(y) functions obtained by the two
methods are compared in Fig., 2-i8. The two curves are similar in most
respects. The sonic boom characteristics differ by less than 1 percent,
which is negligible.

2.5 TABULATED COMPUTER DATA

The digital couputer program inputs used in determining the
area distributions of the vcolume components are sho~n in Fig. 2-19.
These are in a form suitable for use in the NASA langley Computer Program
P7120, The computer input data for the »rogram which computes the
"equivalent 1ift" srea distributione for the wing are shown in Fig, 2-20.
Theze are In a form suitable for use in the NASA lengley Computer Program
Po16.C.

The sonic boom characteristics for the Model 733-290 airplane
have been put in nondimeansional form. These are plotted and tabulated
in Fig. 2-21 for Mach 2.7, 2.2, 1.5 and 1.3.
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2.6 REFERENCES

Copies of the follswing referenced data may be obtained by making a
request to either:

P g
i I Mgy
L g ae By g4 ¥
e B

= === o3

The Boeingz Company

Suite 120 Commoavealth Building
1625 K Street

Yashington 6, D.C.

The Boeing Company

Alrpiane Division

P.C. Box TCT

Renton, Washington

Attn: M. L. Peanell, Organizatioun 6-2000, Mail Stop 73-60

RS PRCHRNE Ty
To -.q-‘wmowvurc

2-1 FAA letter to Mr. M., L. Pennell from Mr. Gordca Dain,
dated September 8, 19€4, concerning "Sonic Boom Calculation
Methods to be Used for the Phase II-A Evaluation!

2.2 Wnitham, G. B,, "The Flow Pattern ¢f 2 Supersonic
Projectile," Communications on Pure and Applied Mathematics.
Vol. V, pages 301 to 348, 1952.

2-3 Pslmer, R. L., "Two Computer Programs for Finding the
Generalized Wave Drag of Wings snd/or Wing Body Combina-
ticns." Boeing Document D6-65C7 IN, 1963.

2-4 Carlson, H. and Middleton, W., "A Numerical Method of

 coone B —voes [N covun-- S comoms Y cments

Estimating end Optimizing the Supersonic Aerodynamic
Characteristics of Wings of Arbitrary Planform."” AIAA
] Preprint No. 64-590, Aug. 196k.

2.5 Brown, J. R, "Influence of Non-Smooth Geometrics on Sonic
Bocm." Boeing Document D6-2430, 196k.

2-6 Kane, E. J., and Palmer, T. Y., "Metecrological Aspects
of Sonic Boam.” FAA SRDS Report (number to be assigned),

X 1964,
o o 2.7 Hubbard, H. H., Maglieri, D. J., Huckel, V. and Hilton,
ko - D. h., "Grouad Messurement of Sonic Boom Pressures for the

+ Altitude Range of 10,000 te 75,000 Feet.” NASA TR R-168,
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0.0 4.0 8.0 12.0 20.0 XP0D3 )
[} 0.0 0.6418 0.465 G.¢31 0.0 POOR 3 |
0.0 4.0 8.0 12.6 20.0 XPOD & 3
C.0 O.31¢ 0.350 C€.333 0.0 PO0R &
212.0 0.0 3.98  31.9 244.5 0.0 25.88 6.1 FL1MORG
0.0 10.0 2%.0 40.0 50,0 0.0 75.0 90.0 100.0 XFiN
0.0 0.5 1.125 l.64 1.5 1.4¢ 1.12%5 0.5¢ 0.0 F1NORD
220.0 3.0 0.0 29.4 243.0 25.9 -$.0 5.8 CANORG
¢.0 10.0 ¢5.0 %0.0 50.0 60.C 75.0 90.0 100.0 XCAN
I 0.0 0.56  1.125 l.e6 1.5 1.4 1.125 0.5¢ 0.0 CANORD
FIG. 2-79 LANGLEY COMPUTER PROGRAM P2120 INPUTS .
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3.0 EIGINE JOISE

Noise levels produced by the Boeing SST proposed in Phase II-A
are below the objectives stated in the s*andards. The predicted noise
levels are based on (1) Phase II-A engire and airplane performance, (2)
sound suppression as verified by tes:t, and (3) standardized procedures
for predicting jet noise.

3.1 EHGINE LIOISE CHARACTERISTICS

Tne engine noise levels predicted for the GEL;JS5G engine as
installed on the Toeing SST are presented in Figs. 3-1, 3-2, and 3-3
for ground operations and for takeoff and landing operazions. These
data provide the basis for all noise analysis.

3.1.1 Airport and Comminity %oise

The predicted GEM/JSC engine noise characteristics have been
combined with the performance characteristics of the 3oceing SST airplane
to predict the noise environment at the airport and :n the community
during takeoff and landing. The noise levels below ind to the side of
the airplane takeoff path resulting from reccmmendedé rnoise avatement
techniques on a standard day are presented in Figs. 3-4 and 3-5 for
425,000 pcund and 500,000 pound gross weight airplaies, respectively.
The maximum perceived noise level (PNL), 1,500 fee' to the side of
the ranvay as the airplane pacses on its takeoff run, is 116 PNdb with
all -ngines operating at maximum dry thrust. The community noise levels
shown in Figs. 3-4 and 3-5 are based on a thrust -eductior that results
in en unaccelerated rate of climb of 500 feet per minute at a point one
statute mile beyond the departure end of the runway. After thrust re-
auction for noise abatement, the noise level ir the community is reduced
to 96.8 PNdb for the airplane at 425,000 pounds gross weight and 105.5
PNdb for the 500,000 pound airplane. The trade between airport and
community noise that is available through variation in takeoff power
setting is shown in Fig. 3-6.

The noise levels below and to the side of the airplane landing
approach path are presented in Figs. 3-7 and 3-8 at landing weights of
302,000 and 320,000 pounds. At 1 statute mile from the runway threshold,
the predicted noise levels are 111.3 PNdb and 112.0 PNub for the light
and heavy gross weight airplanes, respectively.

Several noise atatement approach procedures are being consid-
ered in order to achieve even lower community noise levels. These make
use of the all-weather automatic landing throttle controls. An approach
is mode at & controlled deceleration rate, with reduced thrust, on a
3 degree glide aslope 4o reach the inner marker at final approach speed.
The automstic throttles increase thrust to stabllize at final approach
speed until the landing flare is initiated. With the engine inlet choked
and the nozzle throat cpein, the community noise level is 107 PNdb with a
deceleration rate of 1 knot per second. Using idle thrust, the community
noise is 105 PNdb with a deceleration rate of 2.6 knots per second. The
operatinnal aspects of these procedures are described in Volume X-A,
Flignt Oyerations, and Volume V-A, Aerodynamics.,

0¢-8680-7

v e mne b 2

E 0.

G 4 e e e

AT e LA LR 2

-




s SR ot S . SN cvoves SN ovonits I o S o SR oy S onete [N sascon SN wnus Y boms RNE covios JRE s SN cotn JY wovae S covven S svoce R wece BN i

. SR
Lef i
: : 5 <]
r .m. L ¢
U k
o .%“ N

SNOILYYIJO ONNOYD DILVLS ININNG 3SION L¥OJYIY 1€ "ld x

AIMOd AdAQ ‘XYW LN3D ¥3ad B -
ol 001 06 o8 oL 09 "

——
.
[
:

SRR NS (U SR

SRS SR QU SR R - S S S 06

” b O m...Jﬁ

, i U e 1rﬁ.|.ii.l_i!; T ERHIOND & = 3%...2*0 ool
APMNNE WpMa 133N 0O

ASART ASION o

N

,, | \\VLWL\ ot

LELAL LA ALAL AR RS AAANA AL KA (A4 84 A L4 V4440 AAKLL tAd

06¢-9880-7

o
—QYVANYLS |V Vd

= =

R

(o1 7]

IPNd - TIAIT 3ISION Q3AI3DH34

! - - —3 Ot

. ’ . s . NI 080 U A .
STy P ;mwya} .2%‘ yonros R, ST S A i ‘0 e pru e
SRR A M 1 b&%. W e TR e e } w..& G AN R ™ o
Pt v m Gaiebal niy) L :_m } ,u.mh...é..w,,.m{;%_.wﬁ..} N ek pa A N ) ' )
i ) , i o RS , Lo
- 0 - N L : - ) -
- } 1 o ¥ IO T " " . e ! : i
, . . . : R



_ A T S
o $“ e
_ | : o+
h N SR S A S ()]
1 -2
f IJ R
, - - - R x
| _ QO m
| w z T\ | * - A - 2w g
W 1NN | 3
w —— Lrl R G —e P s . { -4 = Lﬁ — - — g E a
| THEARNN\NN\NN z
- 2 . \ _ o JECREN
3~A.Nﬂlv. @ 2 o
Z23, 4
o...m_ A y x
— Q Z <« "
E2dlke N o 5 $
82nig% N oz g H
TR 828 1
ou-1u% _ 4 a
, E2 s 4
edZw
] v 0 T m
\ 4+ Z 4
! & u
_ - O g
: 14
! w Q
w
w [~ 4-.2 m
| | N
o) o)
g 8 g ¢ 8 8 3 N
9PNd - 73A37 3SION A3A130AU34 “ i
rlll ; I N




PR

e prba b

e

e —— - e a

120

1o

PERCEIVED NOISE LEVEL - PN¢h

25

e+ 4 e b s et b o+ e e e et

SRV N Y 25 T T oPERA*ING taD

L R U S G SR @ Bmmdie e et ameme-
t :
; .

.
.?.w-...-...a_.r. g-..:.........-‘_ A T R P S

A -

....-’_‘: "'f“""“""“‘"“ - -

1GO|

H ' . i . | ' : l . ' v

N e e —e cdmc e e e & e e he e .
:

. . ‘ ' i :
11 N TS SO Y S S OO S SO

TAILPIPE IN Nonwu. .

PSP SN G SO VGRS S R : :

) ] oy v

— SR SN PN SUPIN DU G D R

v ' ' . ‘ . i .
—t g ] ; | I S S S __'“_'._;__.‘ -
H . v .

’ r r —— _——— - - - - e - ——
'
N ' . . .
- - < — - P s b P e g mm sewe v = = ® b= .

" f—— '?j'@(gmbé‘ FULL OPEN

'_,,.-..--» e e 4: -
U MINIM X'ﬁ 'mnu T FOR ;
Mlms‘r ININEG CHOKE co\:om’f»s
R Stk o 1-—-9 =4 - e e b e -
e b . SR
* — —-4——-7—-7»—‘— t—_—-4 “-.-A— — - -
. _ |4 GE :.{456 cnr.mq.s .
J}‘e T g
——p 4.....4.._'__.
‘S?ANQARO DAY
' ' . . .
..__H._?._.é.-..- [P VR ——— ——- o - i - —_ - -
._L-' . i‘ — —— - e 4 D e e I LR B
o, \ ) o
b ; __.?—.__.._-. - - . - P ‘— . — - . e = ..‘_...-,. b
.._..%_A_._.._..._»_,..-_. B S o G G PSS O GUGIR S . 4
\ . ' | v,
— : — -L—-7———~~+~—-— - em e |.--- Dot e b e e --$—- -J—i
ooy ' 4 ‘ '
T T :‘:'r"“"‘“““-T

fl H 1
e el ST G B U I P WU Sl SO P

|
T -1

;
1 1 ! ¢ . : ¥ . ' ' ' ! .

5 10 i5
NEY THRUST/ENGINE - 100018

FiG, ;-3 NOISE LEVEL FOR VARIOUS OFERATING PROCEDURES DURING

38

LANDING APPROACH

C6-8880-7

>
.

g S aone B ehuts B oot S connny B st B 0

G N ot S S |

i

Yy 2 ™ ¢

——— m e e ——— e~ — -— o——

-~

o

» o o r—




INVIdNIY 162~

UNE WOM A

AVQ QUVONVLS - NTIABY VA
180MUL 1UQ XYW
1M SSOMN® ANYYH ,000'6TY

SNOtLIONOD

(I R o Y s OO B s B e B o Y Guaut B GRS |

///

(i
go,
Ky

/,

ASNENHL AMAQ XY LAY BWIMD

W
/il
<

EEL 440INVL 4O 3 NS0N¥d ISION ¥~€ "I

39

AVAANNY 30O
BN SLOLAVLE | PNa X
NI /L 4008 LY
HAA IBAET BOION ot
MIN/LA 0086 AV QWD wmmwe o

%
(-

(20
X

™

"

>
ERRS S S
e

TRy
e P R
E g A s - a
e i T — e
- R *

B LD

A 4

///
13 0001 —- 3001.!;1
o\

’3‘\‘

o

%

-

— B3 e 0 O 8

e
:%%‘;;




U S s B wo— Y coven SN s [ viuon BN ot IR aay S soceus I wsusl RS donuch N avuy SRR évoncs B st B aiies BN ovfn BN dsuutsh RS SUuort SN Ghinh

INVILYIVY 06C-EEL 4403NVL 3OS 37403d FSION S—€ "Oid

AYMNNY 20
AWA NOMH4 3NN 3LNIVLS | apihg W%
NIW/iLad 006 4V
DNIGWITD NEIHM TRARY IGION = cw =
NI /L 4 008 AY AWNITD == o
A50UNL AMA XYW AV GNITD

M,
g
3 W _
| !
o ;
°
i '
.
i
| m
»
4 S . ,
“ = S
i m ]
~d
AVQ GNMVYCNWLL - VRANT VAS // m
ASNWHL ANA "XV ?
LM SSOUD driVH 40000C6%  ° LA

ONTILIONOD




. N e

..”..].lll T pa——

SIAVAL JSION ALINNWWOD/LAO- NIV 9-E *OId

APNd - LNIOd 3TN © 8 ISION ALINOWWOD
1)

ozt Sl o SOl VOt

Oe

LR N B B

"é‘—"f“.. A 4
S

ST

—t - -

—
°

L4

D¢-86080-7

APNd - INITHEILNID AVMNNYE WONA

1334 O0S! ® T3N3 3SION 13804y

O
cd
—

.,. 1 . ~ il '
. +oq lm.aw m he sy 4_ “-x_? $4 IL.I__.IF_.I.-IT..?uJ.!rt.wx.wl.
. R ! IR - _ AR |
' . } . m : ! w , . _ . PO i ~ 4+
_ ] USRS DUT T S A R N
. b : rery R i
+ } i ' + ' ! [} ¢ - u 4+ - . N v4 “ .
; i [ L
: ' . ] . . “ ﬁ 0.— { v hw ' +. -+ - 4.:*_ ..J~
' i N P A S N S
| ' ' ' . ) _ 1 _
! 3R EEEE N SR T B B B A
) A S A , S I QU A
) fl
L N ; 11
Lo L
[
.o 1=
| - M
: ~|> o
: ' it
Doy e
_ m i ' m .2—.!
' H 1 * m i N
i i i
et b
PRSTS SAE AU SEY P
Tq. ) any
TN3aNIT vIS
_ - e e o o — s - " — L
A T | _

b el

 dvorre: S D |

R T~ ot SRR R M — e o -
' , . A : T B ~ Dl

R

e+ + —

——




e ot 1

fed L) LD O oL O O Lsd D OCh O COocd e e, 3

AVQ _QMVYENVYLS

12A3Y vaS
LA DHIONYS NOISIO XYW
ANYISMIY 1&T-SCL

SHGCILIONG)D

INY DIV (6Z-EEL HIVOUdGY ONIGRYT Y04 TNA0¥d ISION L€ "9Id

SFNd 11t = NM3A3T 3SION QANIADVAJ

QIOWHSIUNL WOM I
AN 31NLvas 1 O

06-8680-7

A a—— ——_ A~ — i s an




L n e e a—_—— . i e -

e nan e —— o S

AVQ QUVYAGNVYLS

T3N3 vaS

AN OHIONYT NOISIQ XYW
INVISUIY OBT -kl

SNCILIGNOD

INVIJYIY 062~ EEL RIY DDA Y INIONYT ¥G 4 37i408d IS/ION 8-C “9Id

GPNd Ti) = MIAIN 210N A3INIIIBIG

CGAOHSARML WOoB S
371N 3101 VLS T O

0s-8680-7




4
icns and Maintenance Runmups

[(WH)

« - Pemernd Aena
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3.1.2.1 Ramp Holse

The noise levels resulting frcm ground operaiions near the gir-
port terminal (taxi, etc.) are predicted to be no greater than those
presently experienced during similar subsonic Jjet operations. The levels
predicted for the Boeing SST during taxi operation are presented in Fig.
3-9. The PNL's are predicted to te between 105 and 120 PNdb at 200 feet
from the airplane. These levels are based on a taxi thrust requirement
of 3 percent of the gross weight of the airplane.

3.1.2.2 Maintenance Runups

Without ground sound suppression, noise levels due to cpera-
tions of the GEh/JSG esngine at maximum augmentation are 123 4b on =
1500 foot radius and 160 db at a point 20 feet downstream of the nozzle.
Current ground r.nup noise suppressors of a portable type afford a re-
duction of 20 to 25 db at these locations {Ref. 3-1). Compatitiiity of
a suppresscr of this type witr -~he Boeing SST engine and airplane is
shown in Section 2.0 of Volume ° /II-A, Ground Operatiuvns. No problems
beyond the reach of current tecraology are anticipated.

With a suppressor of this type the maximum perceived noise Level
i{8 150 PHAb at 1500 feet from the engine during maximum afterburning
condition. Maintenance personnel stationed in the immediate vicinity of
the airplane during engine runup will be subjected to levels no greater
than 135 db OA SPL and 127 db SIL with the suppressor installed.

3.2 SUBSTANTIATION CF NOISE DATA

3.2.1 Unsuppressed Engine Noise
The unsuppressed engine noise characteristics for the SEL/TSG
have been predicted by using:

e installed performance characteristics of the engine, Appendix A
Volume VIII-A, Propulsion

® compressor noise characteristics based on Boeing test data, Fig. 3-10
¢ procedures for jet noise prediction, ref. 3-2

The octave band and overall scuné pressure levels cbtained by
thase methods are shown in Figs. 3-11 and 3-i2 for several engine
throttle settings. These data have been used as a baseline for predict-
ing the jet and compressor suppressed noise levels.

3.2.2 Inlet and Exhaust Noise Suppression

The aoise suppression characteristics of the GEL/CSG englne &s
inscalled on the Boeing SST have been determined frcm many acoustic tests
run on a J-75 test engine and a 1/8th scale model of the GEL/J5G engire
exhaust nozzle. Inlet noise suppression tests were run On a J-T5 engine
for both crhoked and unchoked airflow ccnditions. Exhaust noise tests

03-.8680-~7
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3.2.2.1 Exhaust Noise Suppress:ion
The exhaust noise suppression predicted “or tihe GEL/J5G engine
exhaust nozzie configuration i{s shown in Fig. 3-.3. The maximum at-
tenuation 1s 3 PNAb at thrust settings from maximum dry thrust to 70 per-
cent of maximum dry thrust. As jet velocity i{s reduced, the nozzle con-
figuration is predicted to become less effective. This prediction is
based on ncise suppression cnaracteristics of tested jet suppression
nozzles such as are presently in use on 707 alrrlanes. Reduction in ,
suppression efficiency is predicted for the maximun augmented operating
condition because of the reduction in star shaping as the throat opens. i

3.2.2.2 Inlet Noise Suppression
Engine compressor ncise suppression for the Boeing SST has been
achieved by establishing a choked flow condition in the inlet. It is
possible to achieve this choked condition at thrust settings below 30
percent of maximun dry power and at Mach numbers below U.3 (see Section
s Volume VIII-A, Propulsion).

The octave band noise levels preiizted for the Boeing SST dur-
ing a typical landing approach under chored inlet flow conditions are
shown in Fig. 3-1k. The noise spectrum predicted for an unchoked condi-
tion is also showm in Pig. 3-1k. The attenuation showm is based on J-T75
choked inlef test data obtained at Boeing using a simulated Boeing SST
inlet. The effect of inlet choxing on the single frequency compressor
noise generated by the J-75 engine is shown in fig. 3-15. Predicted
GEh/JSG inlet noise has been superimposed on the spectra to indicate the
reduction the choked inlet will give this engine.

J-T5 data indicate inat with the inlet choked, the noise that
will determine the maximur PNdt during airplane flyover at low voweyr
conditions will radiate at anglec between 40 degrees to 90 degrees to
the exhaust axis. The predicted spectrum is not "pure jet exhaust” ir
nature. High frequency ncise from the turbine is predicted to be domi-
nant in the last two or three octavs bands. This turbine noise contri-
butes strongly to the perceived noise level. Tests will continue during
Phase II-B witn the J-T75 to develor additional understanding of the
turbine noise.

-

A tare recorded demonstration of the effect of choking the in-
let has been forwarded to the FAA by The Boeing Company.

5.3 DESCRTPTION OF MODEL TESTS

Tests have been conducted to 8id in defining the basic noise
characteristics of the SST engines azd to develop means of suppressing
noise from these engizes. Both turbofan and turtojet engines have teen
included in these stidies.
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3.3.1 Smoil Zoale Vodel Jet Tests

The eoxhuust ncise characteristiczs oo the General Zlectri: zn
Pratt & whitne; IST engine offerings were determiaed by means of tests

in the Boeing accustic mcdel Jet facility. “ne-eignth scale models o:
the GZL/J and P& STF-212 exhzsust nozz'e configurations were built zau
tested at several desigzn operating conditions. The nozzle configurations
tested are shown in Figs. 3-1% zad 3-17.

o M

The Tar field noise characteristics of the GEL/JS5G and the P&«
3TF-212 engines were determined for engine operztiions at maximun aug-
-ientation, maximiza dry tarust, and approximately 7O percent of maximum
¢ry thrust. As reguired by the procedures established ia Ref. 3-2) the
ncise characteristics of the two proposal engine exhaust systes 3 were
determined by coaparing their measured characteristics with those of =
standard rcund nozzle when both were operating at the same corditions of
tailpipe pressure ratio and exhaust tenperature. The acoustic difference
found between the two test nozzles was than applied to The noise charac-
teristics estaolished for the full scale round nozzle *hrough spplica-
tion o the stzndardized procedures. Koise comparisons were made over
an arc of 19 feet radius (150 feet fuli scale) centered on the nozzle
exhaust plane., Data were obtained at 10 degrze intervals from 30 de-
grees tc 9C degrees to the jet exhaust axis. The data were then extrap-
clated to give perceived noise level differences along a line 25 feet
(200 reet full scale) from and parallel to the jet axis. PNL's for the
Gz4 /356 nozzle configuration were 3 to L PNdb lower than the levels ob-
tained with the standard nozzle {Fig. 3-18). The noise level for the
P&V STF-219 norzie configuration wag 3 PNdb less than that of the stand- 4
ard nozzle at maximum augmentation, and 2 Pldb less at maximum dry thrust
(Fig. 3-19). A detailed report of the test and the results may be found
in Ref. 3-=.

/M e & ge=

| oveps B G

s

3.3.2 Full Scele Engine Tests

(—]

3.3.2.1 Suppression ¢T Fan Noise from Secondary Exhaust

To determine if suppression of fan discharge noise is feasible i
in the high velocity duct system of a turbofen engine, an acousticzlly
treated extension of the fan discharge duct of a JT8D engire was tested.
The extension consisted of an e2aonular duct with acoustic treatment on
both walls for a length of 5 feet; the hot primary gases we-e coanducted
through the hard-walled center, jolning the fan~discharge air about 18
inches anead of tke nozzle exit (Fig. 3-20). Engine thrusts ranged from
a little above idle tc maximum static thrust (13,400 pounds).

S

P

[ oy

&

Results shoved large attenustions of discrete-frequency (spike)
noise in the regions of maximum radiation: mcre than 20 db at inter-
mediate thrusts, and more than 13 db at maximun thrust. "Hash" or white
ncise between spikes also was reduced & to 8 db at low thrust, indicating
that this component of compressor noise is at least that much greater
than jet noise at the same freguency. Octave-'mnd analysis showed only

e B oo B o
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(3) HOZZLE CONFIGURATION
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{b) ENGINE — AIRPLANE TEST MODEL

FIG. 3-16 MODEL ACOUSTIC TEST CONFIGURATIONS
FOR THE GE4/J5G
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{b) ENGINE — AIRPLANE TEST MODEL

FIG. 3-17 MODEL ACOUSTIC TEST CONFIGURATIONS FOR THE P2W STF219 ENGINE

05-8683-7

55

e =T

S Lt e T L

AW




mw— ~ chw wgmee  ——vrm s < . P
i I i ; i -
144 ; - ,
; 42 , | L
’ ’ STO ROUND NolzLe ’ \é& i
i i : ?
" g /\
D : E
i v X i !
Z 138 LA 4. LN\ X g
0 l \l 1 |
. L ? : —
2 BRI
> {36 | ‘ . % |
Y MAX. [DRY T -‘R\{ st{ i\ |
i A !
. : i
| 2 #A\NEE
‘ ~ '
; Q ET 5
¢ LW i \ !
. > 132 i
_ W sFC %ouNd NodZLEA & |
: )
14 ;
g a L~ /E
§ 8 130 /
: | /
: /]
' 128 v 2TAR SHAPED —
\ ek RUATLE| § EHECTER
; X TO% MAX. ORY TH;‘ZUST
i iz26
| AL
0* =T 0 I0° 60 50° 40Q° Q¢

ANGLE FROM JET AXIS DOWNSTREAM
FiG.3-18 JET NOISE SUPPRESSION FROM MODEL TESTS OF GE4/J5G ENGINE

56

De-9680-7

r

—

4

| Qi

 vosss N waivss BN oo




o vy

&=

i

s e ey

Co &y &

—

PERCEIVED NOISE LEVEL -PNdb

2ot ol

kil TooeweamT T e RAET NN e smmne
- = oyl ~ -

144 T T AREDICTED NOISE
. LEVEL FOR MAX.
. | — & AUGMENTED COND.3 |
i ' RIMARY + S&COND-
N , ARY WITH [€IEGTOR |
i ; o { N f ! 4
42— i , ' PREDICTED NDISE, ! ! ,
’. ) ILEVEL FQR MAX. | ‘ _ | |
i i IAUGMENTIED GOND . | |
' ; TSECGNDA . . ,PRED|CTED NOISE
I ! ! . GEVEL FOR MAK. |
i b s | DRY QOND.} PRIMARY
140 ' . : + STCONDARY WITH'
;gx; AUP M:.;:.’YL‘D p & EJECTOR :
i . % LN Y +* 1
——*_‘ztagmr%f T - *.L—t———]
. EJECTOR - FROM ! .
MmOQEL D 'rp..ﬁ fl !
138 7 \f !
/Ik ; \ ; i
/I / N \ i | |
]
136 y & 71 T !
’ | |
. V4 A\ !
f | / ‘ AN |
! ; i
Y //AREEEA\E
/\/ HEEERN.
132 f .
K4
yi . N i
v DARD FOR '
/| B Kemehres |
130 —e /’ WL, RO v
/ CJIECTOR> PROM
MADEL | DATA
128 |———A1 | L
i / \" X. ORRY c&unx
R nkmu« +_$ECONDARY
] Wi ENECTIOR= FrRom
q MOOEL [DATA.
126
I |
h— _
aQ* 80° 70° 60° SO° 40° 30°

ANGLE FROM JET AXIS DOWNSTREAM

FiG. 3-19 JET NQISE SUPPRESSION FROM MODEL TESTS OF P & W STF 219 ENGINE

06 -3680-7

57

K




T T T LIRS TR R T e —se - TR TS T T TR LRI Tl 3T s

Sallhl oy .

s P:‘ ot ¥
e o

hahe ik

slightly less attenuation at low thrust than the values listed above.
Covering the inner wall acoustic lining did not significantly affect
the noise reduction from those values atteined with both walis acousti-

cally treated.

A more detailed report of the test and the results may be found
in Ref. 3-4,

3.3.2.2 1nlet Noise Suppression Devices

Three devices for reducing compressor or fan noise radiated
from the inlet were tested on a J-75 turbojet engine: (1) sonic throat,
(2) absorbent inlet lining, and (3) absorbent inlet guide vanes. The
basic inlet design simulated a 733-290 supersonic inlet with expandable
spike., The first device, the sonic throat, was formed by setting the
spike in 1ts fully-expanded, supersonic-crulise position, and then ad-
vancing the throttle until choking occurred (Fig. 3-21). The absorbent
inlet lining consisted of acoustic material extending along the inside
of the inlet diffuser for a length of about one diameter. The absorbent
gulde vanes, twenty in number, were placed directly upstream of the
engine's fi-ed inlet guide vanes. All three acoustic devices could be
replaced with nonacoustic equivalent structures. Sound level measure-
ments were made with the engine simulating landing approach with and
without inlet choked.

Results showed that the most effective device was the sonic
throat; attenuations directly forward of the inlet were 10 dt or more
on an actave band btasis, and somevhat higher at the discrete frequencies
of compressor noise generation. '

Acoustic treatment of the inlet guide vanes showed atteauations
of about 3 db directly ahead, decreasing to 9 at right angles. The max-
imum attenuation with the diffuser lining was approximately 2 db. Using
both treatments simultaneously produced maximum attenuations of 5 to 6
dbl

Jse of acoustic lining with the expanded spike increased the
lining's effectiveness at air flows too amall to produce choking in the
sonic throat. Upon reaching choke, no difference could be detected,

The possibility of reducing Jet noise at low thrusts by in-
creaging the exhaust nozzle area while holding the inlet choked was also
tested on the J-75. With the afterburner in the closed position, engine
speed was increased until choking occurred in the inlet and the compres-

sor noise teceme inaudible. With the comrressor speed held constant, the

afterburner was then expanded to its full position, an area increase of

about 50 percent; this reduced the thrust by approximately 30 perceat and
the jet noise dropped approximately 10 db. However, turbine noise showed
+ £light increese giving a PNL reduction of 3 to 4 PNdb. Further testing

to reduce total noise from the turbine during low-thrust, choked-inlet,
conditions will be conducted in Phase II-B.
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REFERENCES

Copies of the following referenced data may be obtained by making a
request tc either:

or

The Boeing Compeny
Suite 1200 Commonwealth Building
1625 X Street N. W.
Washington 6, D. C.

The Boelng Comipany

Airplane Division

P.0. Box 707

Renton, Washington

Attn: M. L. Pennell, Organization 6-2000, Mail 3top 73-60

Sawhill, R. H., "Evaluaticn of Koppers Ground Suppressor,"
Boeing Test Report T6-31T4, Cctober 1964

FAA letter o Mr. M. L. Pennell from Mr. Gordon Bain, dated
October 5, 1964 concerning “Procedures for Predicting Jet Noise.”
Sawhill, R. H., and Zable, D., "1/8th Scele Model Far-Field
Accustic Tests of SST Engine Hozzle Configurations,® Beeing
Test Report T6-3178, October 1964

McKaig, M. B., "Fan-Discharge Noise Suppression Test on JT8D
Engine,” Boelng Test Report T6-3166, October 1964

McXaig, M. B., "Accustic Testing of Iniet Nolse Suppression De-
vices for the SS5T,® Boeing Test Report T6-3173, Octover 1964
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4.5 INTERNAL J'0OISE
Tigs. 4-) and 4-2 present estimateda 733-290 cruise and takeof:
{E souné levels compared to similar values measured in current subscnic jets

(Ref. 4-1). These figures show that the 733-290 sound levels will be sub-
stantially equal to or less than those in current subsonic jets. Although
the 733-230 sourd levels satisfy the subsonic jet equivalence requirement
» of the standard, they do exceed the mid-frecuency recuirements of the

NCA standard for cruise and taksolf. Figs. 4-3 and 4-4 show that sound
levels in current subsouic jlets 40 not meet the NCA stendard. Duvring the
Phase TI-A study, a detailed analysis was made of potential internal neise
sources and of the ncise reduction characteristics of the structure and
the associated sound insulation. The work is used as a basis for the
733-250 prediction and is veported herein. Additional data on in’. .1
noise levels are shown in Par., b.i.

Sy | A

k.1 INTERNAL HOISE DESIGH

The sound level estimatec are based on the typical insulation
configuration cross sectilorn shown in Fig. 4-5. The design shown is a
development of ipsulaticn configurations which have proved successful in
Boeing subscunic transports. The design, as shown, achieves the largest
possible noise reductions consistent with the available space and with
the 2fficient use of weight. The desigr includes the installation of
highly efficient type AA (or egquivalient) Fiberglas which must conform
to the Boeing BMS 8-48 acoustic specification. The interior trim panels
are isolated from structure, taking fuil advantage of the "double wall"
construction. Insulstion is installed approximately O.7 inches inboard
of the frames, elirinating possitvie rlanking noise paths. The air space
between the insulation and the trim eiiminates possible direct coupling
betweer these elements., In the aft section of the airplane, a 0.5 pound-
per-square-icot shest of lead is imbedded within the insulation batt to
alleviate the edditionnl noise during takeoff. Hoise radiation from the
filoor panels is reduced by installing rugs and pads which satisfy the
Boeing acoustic specification BMS 3-36. The noise reduction character-
istics of the fuselage structure will generally be superior to those of
3 current subscnic jets, particulsrly in the iow frequencies, because of
the stiffer fuselage construction.
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Studies such as those described in Refs. 4-2, 4.3 and L.k which
are directed toward improving the noise reduction characteristics of the
total fuselage structure by methods consistent with other airplane require-
ments, will continue duriug Phase II~B.

!

4.2 ROISE SOURCE AWALYSIS

There are three types of noise that affect cabin sound levels:
equipment and system noise, engine roise, and boundary layer ncise. The
chsracteristics of each are discussed in the following sections.

k2.1 berodynamie Bouadary Layer Nolse
The methods used to sstimate boundary layer noise levels for
the Phase II-A airplane are the same as tnose used to estimate leavels
for the Phase I proposal. Becanse the accuracy of the method was questioned

Ot S o
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in the ?hase I evaluation, the accuiracy has teen re-evaluated. It is
concluded that the original methui is the moot reliiatle presently avail-
able for estimating the boundary laye:r pressure [luctuations on the sur-
face of a supersonic trarnciort. The method uses date obtained in a suver-

sonic wind tunnel by Kistler a:ua Chern (herl. uf,) The boundary layer
pressure data Siven in th:s .ource ware measured unds cond;tlons which
more nearly simulate tho.e encountered on tie fuselage O a supersonic
transport than aiy otner dats '»resoentiy availatle,

The basic data curves taker. rroum Ref. k-, are reproduced ir
Fig. h t. The povwer spectral derncity oi' the boundary layer pressures

[Em can be derived i.o.n taele surves au a function of the boundary

layer thickness d aud ‘!~ tree s ream veloci'y Upg. Charwts for esti-
mating boundary iayer . ckne..o ronm the velocity, ithe pressure altitude,
the Reynolds number, «ud the 1u.e ae station are given in Ref. h-u along
with charts which ;ive the cunveriicu £row co.e. opectral density to
octave band sound preosure levee,

There is poor agsreement vetweern superconic wind cunnel boundary
layer noise data and data measurzd on flight vehicles. However, most of
the vehicle measurements have uveer. Sutained under conditicns where non-
uniform flow conditions were likely, or during ~onditions where the dynamic
pressur:s were much higher than those obtained in the laboratory experi-
ments, or those which will be encountered on the surface of a supersonic
transport. Recent measurements reporied in Rel, L., demonstrate that the
incidenze cf streng shuck waves on a boundary layer can increase the level
by as mich as 15 to 20 db. It was also demonstrated that ccnditions such
as surface roughness and separated Ilow can increase the boundary layer
pressure levels by significant amounts. However, in the case of the
undisturbed boundary layer, the Ref. 4-7 data substantially agree with
the values calculated from the Kistler snd Chen data (Ref. L4-5) if account
is taken of the different dynamic rressures and boundary layer thicknesses
involved.

“

h “Ev!j,d: e

When using the Kistler and Chen data to predict superscnic
boundary layer pressures, it is assumed that the boundary layer adjacernt
to the passenger cabin is not significantly disturbed by the presence of
shock wares or surface discontinuities and that separated flow conditions
do not exist. The fulfillment of this assumption is also a necessary
condition for satisfactory aerodynamic performance of the airplane. The
same assumption is also made in the discussion of supersonic transport
ncise given in Ref. L.z,

Ny

A PRITIHOMY

Although present considerations 4o not indicate that significant
shock waves or other p 'nomena will disturb the bvoundary leyer adjacent
;0 the passenger cabin, & theoretical and laboratory (supersonic wind
tunnel) program is being initiated (Ref. 4-4) to study the possible
adverse effects from these phenomena and possitle methods of eliminating
them. Recent experiments in the 3Boeing subsonic boundsry layer test
tacility (Ref. U-3) concerned with the radiation of accustic energy from
skin panels excited by boundary layer fields indicate that it may b

69
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possible to obtain ncise reductions well in excess «f theoretical pre-
diction by the use of damsing material or by modifying the skin panel
sizes. These studies will be continued with the cbjective of developing i
the best possible structural and insulation configurstion to reduce noise
and to eliminate any possible adverse eifects which might occur because
of irregularities in the boundary layer.

- /M 3

The Kistler and Chen data (Ref. k-5) shows that there is a
significant reduction in the megnitudes of the low frequency boundsary
layer pressures at airspeeds avove Mach 1.7 in addition to the normal
shift of the meximum pressure frequency towards the higher frequencies
as a function of wvelocity. This effect has alsc beer measured in othe. H
laboratory and flight vehicle tests including Refs. b-7 and L-9. This
factor is significant because it means that the low frequency boundary
layer noise levels will ve significanvly less at the supersonic flight
conditions than would bve predicted from an extrapolation of subsonic "
poundary layer data. A large portion of ihe energy associated with the
supersonic boundary layer is concentrated in the very-high-frequency
range where ii can easily be attenuated by efficient high-frequency noise
reduction techniques.

g O O

i |

Estinsted octave band boundary layer sound pressure levels are
shown in Fig. 4.7 at typical fore and aft fuselage stations for fiight
conditions of Mech 2.7, 65,000 feet and Mech 1, 32,000 feet. 3

—}

PUR J

k,2.2 Bquipment and System Noise

A certain amount of noise from sources such as the air-condi-
tioning and hydraulic systems is irevitable, Every effort will be ex-
pended Guring design develcopment phases to reduce the roise produced by
these sources. Anticipated values for the accumilative effects from
equipment and system noise are shown in Fig. 4-8. These data were obtaired
from a 707 airplane during a low subsonic flight. In some frequency ranges,
the noise from these sources contributes to the ambient sound levels

/s e T

(Fig. 4-8).
j k2.3 Epgine Noise
! The engines on the 733-290 airplane are located significantly

farther aft with respect to the passenger cabin than they wers on the
Prase I sirplane. The last passenger seat is located ap~roximately 5C
[J jnches forward of the engine teilpipes. The highest intermal engine
noise levels are found in the aft cargo compertment and in the aft entry
way; the aft passenger seat will be shieided from this noise by the cargo
il bulkhead and by the toilet compartuments and galleys. Because of the aft

location of the engines, engine ncise will not be audible in the passenger
compartment during apy supersonic flight condition. The most notable
effects due to engine noise occur during the initial takecff. Estimated i
sound pressure levels on the external side of the fuselage during takeoff
are shown in Fig. L-g. The data estimates are based on full scale J-75
erngine noise tests supplemented by model studies {Ref. 4-10 and 4-11).
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4.3 ANALYSIS OF STRUCTURAL AND INSULATION NOISE REDUCTION CHARACTER-
ISTICS

The method used to estimate fuselage noise reduction character-
istics has been improved. The method used in the Phase I proposal involved
the extrapolation of test data obtained with a fuselage mockup test section.
A review of the important parameters has shown that the construction of the
mockup section is not now representative of the 733-290 configuration and
data obtained with the mockup is therefore not valid as a base line for
the Phase II-A calculation.

The imgproved method of estimating noise reduction character-
istics is based on Ref. L4-12. The method invclves the calculation of
the transmission loss characteristics of the vasic fuselage structure
and includes modificatiopns to these characteristics due to the addition
of insulation materials and interior trim panels. The total noise re-
duction characteristics are then obtained by correcting the transmission
loss curve to account for reverberation and standing-wave effects within
the airplane fuselage.

According to this method, the noise reduction characteristics
of the tasic fuselage structure in the low and mid frequencies are a
function of the surface density of the fuselage skin panels, the funda-
mental resonant frequency of the skin panels, and the damping character-
istics of the panels. At frequencies above the resonant frequency, the
noise reduction is governed primarily by the acoustic mass law and at
frequencies below the resonant frequency, the noise reduction character-
istics are in the stiffness-controlled region.

A change in the resonant frejiuency can significantly modify the
noise reduction characteristics of the fuselage. This factor is important
because studies conducted at Boeing (Ref. 4-13) indicate that there is
a significant change in the resonant frequency between unpressurized
conditions such as takeoff ard pressurized conditions such as cruise.

The Ref. 4-13 study shows that the noise reduction characteristics of

the Boeing TO7 are approximately 10, 15, and 14 db greater in the 37-75,
75-150, and 150-300 cps octave bands, respectively, at eruise sltitudes
than they are at takeoff. A formula developed at Boeing gives the follow-
ing relaticnship hetween the pressurized and the unpressurized resonant
frequency of the structure:

2, g A/ 1 1 -
fps fup + YhT‘ 2a2+b2) Bq. -1

fp = fundamental resonant frequeacy at pressurized conditions
fup = fundamental resonant frequency at unpressurized conditions
g = acceleration due to gravity
y = density of skin panel material
h = panel thickness
75
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a panel dimension in horizontal direction
b = panel dimensior in vert‘cai direction
r = fuselage radius

AP = pressure differential

As an example, application of this formila to the sidewall structure at
Station 2500 on the 733-290 gives a resonant frecuercy of 790 cps for the
pressurized condition wvhereas tr2 unpressurized recsonant frequency is
approximately 230 cps.

Reports in the literature (Ref. L-8) indicate that attempts %o
predict cabin noise from aerodynamic bocundary layer estimates and noise
reduction estimates bave not generally been successful in the low frequency
region. Actual levels have been 10 to 20 db less than the predictecd
values. Failure to take account of pressurization effects mey be res-
ponsible for these differences.

Noise reduction charts showing the total estimated noise reduction
characteristics of the Model 733-290 configuration at typical fore and
aft fuselage stations are shown for both pressurized and unpressurized
conditions in FPig. 4-10. Fig. L4-11 illustrates the individual noise
reductions attributed to the structure, and to the insulation and interior
trim panels.

The total high-frequency noise reduction attainable in the cock-
pit is less than can be achieved in the passenger compartment (Fig. 4-10)
because of special noise reduction design problems. Among these are the
loss of sound absorption due to the absence of high-density passenger
type seating and the decrease in sidewall transmission-loss due to equip-
ment and control installationms.

Typical parameters used in calculating the characteristics shown in Fig.
4-10 are given below:

TABLE 4-8 TRANSMISSION LOSS PARAMETERS

_STATION 80Q STATION 2500
Unpressurized Resonant Freguency 130 cps 230 cps
Pressurized Resonant Frequency 835 cps T90 cps
Skin Thickneas 0.033 inches | 0.055 inches
Skin Surface Density 0.76 1b/fte | 1.262 1b/rte
Avg. Skin Stringer Surface Density | 1.14 1b/ft< | 1.89 1b/rt®
Insulation Surface Density 0.25 1b/etc | 0.25 1bv/rtc
Trim Surface Density 0.36 1b/rt2 | 0.36 1o/ft2
Septum Surface Density 0.092 1b/t2 | 0.592 1v/£12
76
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FIG. 4-10 NOISE REDUCTION CHARACTERISTICS OF

FUSELAGE AND SOUND INSULATION CONFIGURATION
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The values used for the noise reduction characteristics of the
insulation and the isolated trim panels sre taken from published and
unpublished data obtained in the Boeing acoustic laboratory transmission-
loss facilities (Ref. 4-14) and from in-flight data obtained in 707
airplanes.

The high-frequency noise reduction values shown in Fig. 4-10
are relatively high values, but they are not the theoretical maximum
values because of the inevitable presence of flanking path noise in any
real situation and because of the build up of reverberant noise in the
cabin. Experience in 707 airplanes indicates that the re atively high
noise reductions shown in Fig. U4-10 are achieved if care is exerted in
all design phases to eliminate all possible flanking paths.

L.k ESTIMATED CABIN SOUND LEVELS

{abin sound levels are obtained by subtracting the noise re-
duction values given in Fig. 4-10 from the corresponding external noise
levels given in Figs. 4-7 and 4-9 and by adding the effects of equipment
noise. A typical result was shown in Fig. L4-8.

Cruise (Mach 2.7, 65,000 feet) and transonic acceleration
(Mach 1, 32,000 feet) cabin sound ievels are given in Fig. 4-12. The
body stations indicated in Fig. L4-12 are related to the cabin arrangement
in Fig. 4-13, The levels shown are for window seat locations. Sound
levels &%t aisle seat locations are 2 to 3 db lower in th2 low-frequency
octave bands and approximately the same in the high-frequency octave
bands {600-1200 cps and above).

Paase II-A takeoff sound level estimates are illustrated in
Fig. 4-14. At the noisiest location, ‘he takeoff sound levels in the
T733-290 are significantly less than the corresponding levels in a TOT7,
Fig. b4-li. Because the takeoff noise levels are relstively high, 150
pounds of lead sheet has been installed in the aft section of the air-
plane. The lead sheet is embedded in the Fiberglass insulation betwe:n
stutions 2360 and 25C0. At the takeoff condition, the lead sheet reduces
sound levels in the 150-300, and 300-600 cps octave bands by approxi-
mately 3 and 6 db. The relatively high aft cabin sound level exisgts for
a short period of time, diminishing by at least 10 @b shortly after leav-
ing the ground because of the beneficial effects due to the eliminatior
of ground refiection and to the increased airspeed of the airplane.
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Coples of the following referenced data may be ontained by
making a request to either:

e

The Boaing Company
Suite 1209 Commonwealth Puildins
1625 K Street N. W.
Washington 6, D. C.

or

The Boeing Company
Airplane Division
P. 0. Box TC7
Renton, Washington

Attn: M. L. Pennell, Organization, 6-2000
Mail Stop T3-60
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5.0 SONIC FATIGUE PARAMETER
Phase II-A configuration test and analysis have resulted in: -

® An engine location that provides optimum performance without imposing
noise levels on the structure higher than those experienced in con-
temporary Jjet aircraft;

e A reduction of approximately 3 db achieved by engine sound attenua-
tion;

e A net reduction in the area exposed to noise levels above 150 db.
Acoustic levels are velow this critical level on all wing structure
and most of the primery body structure;

e An improved definition of the sonic environment through extensive
model testing and analysis of airplane operations and ground main-
tenance engine check-out;

¢ Structural design parameters verified by sonic tests of structural
panels representative of the proposed design;

Structural reinforcement has been provided in tbhose places
vwhere static design does not setisfy sonic requirements.

5.1 DESIGH FOR SONIC FATIGUE

The sonic nolse design environment of the T733-290, Fig. 5-1, is
comperable to that imposed on contemporary commercisl jet alrcraft and
is accounted for in the structural design in e similar manner. Exposure
times and engine power settings were defined for normal takeoff, engine
ground runup, maintenance checkout, inflight operation, and maximum aug-
mented thrust takeoff. Acoustic power levels (presented in Par. 5.2 for
the various engine settings) were combined with the exposure times, as
showry in Table 5-A vo obtaln equivalent expcsure time for the desiga
sound levels,

Structural psnels rerresentative of the proposed design were
tested to verify sonic fatigue resistance and to establish reliable
design parameters. These results are presented in Section §.3 with de-
sign curves established on the basis of analysis and tests. A s'umary
design curve, Fig. 5«2, is presented in simplified form for use in de-
termining structural reinforcement requirements and weight increments.
Reguirements for sonic resistant structure are superimposed on stutic
deslgn requirements in Fig. 5-3. Structure that required reinforcement
Tor sonic fatigue 13 indicated by c¢ross hatching. The weight increment
ie included in the weighkt calculation, Section 10.0, Vcliume VI-A, Air-
frame Design, and is epproximetely 100 pounds.

5.2 SONIC ENVIRONMERT

The predicted overall sound pressure icvels on the exte;ior
surface of the Boeing SST fuselage and tail section are presented in
Figs. 5-4 through 5-7. The maximum SPL predicted for the fuselasge and
4ail sectioa is 163 4L at the static maxizum-augmented thrust.
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FIG. 5-3 SONIC FATIGUE-STATIC STRENGTH COMPARISON

| onam)




foud wed e WmS T e w—— e

ASNEHL A¥Q XVW %601 — ¥NOLNDD T1dS 7~S *9id

- .
- - -

po o> I.l""'.l-‘

£
\ 5
‘1"— v ,
- _
s
_', T
! o
4
’. ER A s
o N
» b,
¢
sl
\ o A

s T a—— e meT— S—

v on e e RN S aw K
?Mnﬁvww%v% 3 %ﬁx %%}m. JVEX _QQMNW (i 7h - 7 ! T km
RS S ST RO Ot Pt o I AR Nl



e RERITRR T
-— e meam

T




c3a =3

(—— I —— N == R ——— R —— B ——— N ——— O —— [ -~ [ = Y —— N —— B — B - N -— SN — B |

LSNYHL AYA XVN %06 = 3NOLNOD 1dS 9-S 914

'
.
vk
= t :A
N '
B Illllll!‘“l.“l..la“.“‘
o - e =
L '-"-"- I\\
Wk
(T L
:IMM}M 3
e . K
o < s -
Ll
)
- Iy
§. ¥ .-
@ \\
It
5 .
™

&N.

uw .uue




P

- v o o 1 kil AL AN e G UM itk bk o T

LSNUHL GILNINSNY XN ~ HINOSNVYL ¥NCLNOD 1dS L~S "OId 344




oo

The sound pressure levels have been determined by extensive
acoustic tests run on 1/8th scale models of the GEL/J5G engire exhaust
nozzle and the aft fuselage and tail section. The acoustic test facility

‘ allowed for duplication of all essential Jet noise generating parameters.

i Augmented as well as nonaugmented GE4/J5C engine jet flow conditions were
simulated for these near field noise studies. The test setup used to

i determine th¢ sonic environment is shown in Fig. 5-8. Tz-ts were con-

j ducted with a standard round nozzle as well as the "star shaped" primary
throat and nozzle configuration proposed for the GE4/JS5G engine. Tne
measured SPL attenuation due to the nozzle design was 3 to 4 db.

Confirmation of the 1/8th scale model data was cbtained through
acoustic tests conducted in the near field of a J-T5 engine with and
without afterburner operating. The J-T75 engine operating at partial

. afterburrer gave Jjet velocities and deasities very close to those pre-

" dicted for the (Eh/J’SG engine at maximum dry thrust. Therefore only
min,r SFL corrections were reauired to predict the near field SPL's 'or
the GEL/JiG engire at the maximum dry turust ccnditions, The required
corrections were based on measured incremental changes in J-75 engine
nolse levels with change in jet velocity and density. The J-75 engine
test and the 1/8tn scale model tests are documented in Refs. 5-1 and 5-2.

ing the trensonic flight conditions were also predicted from the SPL's
measured in the model Jet facility. Corrections to the static SPL data
were made to account for sound power output change with change in ambient
density, ambient speed of sound, jet relative velocity, jet density and
nozzle exit area, and for ckange in noise directivity pattern due to
airplane speed (Ref. 5-3). A 2 db increase in SPL was made because the
"star shiaped” primary throat is opened to a fully round throat for maximum
augmented thrust at transonic flight speed. A 3 db reduction in SPL was
made to account for removel of the ground plane as determined by flight

{ test of 707 and KC-135 aircraft.

‘ The engine-generated sound pressure levels on the 733-290 dur-

5.3 SONIC RESISTANCE OF STRUCTURE

Extensive design experience hss been acquired during the pasu
several years with sonic fatigue resistant aircraft structure and the
solutions of the unique problems involved. Preliminary design charts
for titanium structure and methods for improving the sonic resistance
have been established during Phase II-A. ‘the experimeatal basis for
these developments was obtained in the Boeing sonic facility described in
Thuse I {Section 13, Volume A-IV, Structural Report).

5.3.1 Test Results

Phase II-A sonic panels are described and test results are pre-
sented in Fiz. 5-9 and Table 5-B. The teble shows the capability of
conventional structure as well as stvuecture designed for improved sonic
resistance. All penels were Ti 8-1-1 spctwelded structure except when
noted. In addition to the endurance testing accomplished, Panels Nos. 8
and 20 vwere heavily instrumented and responsec measured under the sonic
horn environment and behind & J-75 engine ruaning in afterburner. The
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purpose of these tests was to establish correlation tetween sonic rora
test results and that experienced under actual engine operation. One
panel wvas tested to failure behind the engine foliowing an initial scan-
ning under horn environment to obtain comparative data. The second panel
vas scanned under the engine environment and then tested to failure in
the sonic horn. Results from preliminary strain gage and deflection
measurements show that the panel response to engine noise can be dupli-
cated with either random or discrete sine sources in a horn test. Waille
analysis must be accomplished to fully establish correlation methods and
factors, these results indicate that horn tests can be used for develop-
ment of sonic resistant structure.

M e Yy o

5362 Analysis and Design Curves

The panel test results have Leen used to derive the design
curves shown in Figa. 5-9 and 5-10. Fig. 5-11 has been used tc extra-
polate the test results of each test panel to a SPL at which the pznel
would have las 100 hours. This curve is based on available fatigue
data in the 100 to 109 cycle range. Since sonic pressure induced
stresses are usually near the endurance limit of materials, suall
changes in stresses result in large changes in life. Strain gages lo-
cated near the polant of failure on the panels showed a linear variation
of stress with sound preasurs levels and when compared with existing

P ey

fatigue life data, showed that reasonable correlation is obtained by L
this method.
-
Early skin stringer test panels were typical static strength
designed structures with minimum optimization for sonic resistance. The >
results of these panel tests prcvided a design parameter defining the
ratio of stiffener spacing to skin gage. Fig. 5-12 shows & plot of this 1
ratio versus panel sonic resistance. Failures on this type panel wvere 4

iocated at the spotwelds in the skin and stiffeners.

Fig. 5«13 provides geometric design relationships between [
weighteG surface thicknesses and panel geometry. Optimum design param-
eters are shown in Fig. 5-10. This figure is & comtiration of the geo- .
metric relationship shown in Fig. 5-13 and the stiffener spacing re-
quirements shown in Fig. 5-12. As a practical limit, a mininum stiffener d
spacir., of 2.5 inches was chosen.

Several additional methods of construction have beer. investi- {
gated for secondary or minimum weight structure. Results of the tests
are plotted against panel weight in Fig. 5-0. Honeycomb sandwich demon- y
strates a superior sonic resistance and is used on the T33-290,

Panels with beaded stiffeners, No. 19, were shown to be unsatis-
factory for use in areas of high sonic environment and are eliminated

from the development progranm.

0e-0880-7
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FIG. 5-12 SONIC FATIGUE DESIGN PARAMETERS
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FIG. 5-13 SKIN-ST'FEENER PANEL GEOMETRY
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5.3.3% Follow-on Program

Testing and analysis will be expanded in Phase II-B to verify
detail design concepts such as rib attachments, spotweld spacing, honey-
comb core ard minimum face thicknesses. Approximately nine*y panels are
planned for the development program as outlined in Section 13 of the
Fhase I, A-IV Structures document.
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5.4 REFERENCES

Copies of the following referenced data may oe obtained by making e
request to either:

The Boeing Company
Suite 1200 Commonvwealth Building
1625 K Street N. W.
Washington 6, D. C.

or

The Boeing Company

Airpiane Division

P.0. Box TOT

Renton, Washington

Attn: M. L. Pennell, Organization 6-2000, Mail Stop T3-60

5«1 Near and Far-Field Noise Survey of a J-75 Engine with Standard
Tailpipe, Sawhill, R. H., and C. F. Wintermayer, Boeing Test
Report T6-3176, October 1964

52 1/8th Scale Model Near-Field Acoustic Test of SET Engine Nozzie
CTgnfiguration, Sawhili, R. H., and D. Zable, 3oeing Test Report
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5.3 Hoise Reduction, Beranek, I. L. (ed), Chaptier 24, McGraw-Hill
Book Company, Inc., N. Y., 1960

De-9630-7
- 2 "T‘R e
: f‘ - s e K :!{:“,‘-? &
- AR R e~
By 2 T N ~",;§‘P’) =‘>%,7~:' LI
: s ARSI o ke




